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Zusammenfassung
Hintergrund: Die therapieassoziierte Mucositis nach allo­
gener Stammzelltransplantation (allo­SCT) verläuft nach 
dosisreduzierter Konditionierung (RIC) im Allgemeinen mil­
der als nach myeloablativer Konditionierung, aber auch hier 
sind sehr schwere Verläufe möglich. Methoden: 52 Patien­
ten (männlich: n = 35 (67%), weiblich: n = 17 (33%)) mit 
einem medianen Alter von 62 Jahren (35–73 Jahre) wurden 
nach RIC einer allo­SCT unterzogen. Zur Konditionierung 
wurden entweder Ganzkörperbestrahlung (TBI)2Gy/±Fluda­
rabin (n = 33, 63,5%) oder rein Chemotherapie­basierte Pro­
tokolle eingesetzt. Die Graft­versus­Host Disease (GvHD)­
Prophylaxe erfolgte mit Cyclosporin­A ± Mycophenolat­ 
Mofetil (MMF). 45 Patienten (87%) erhielten zusätzlich 
«short­course» Methotrexat (MTX). Die Graduierung der 
Mucositis erfolgte gemäß der Bearman­Skala und dem 
Schema der Weltgesundheitsorganisation (WHO). Eine 
Reihe klinischer und paraklinischer Parameter wurde auf 
eine Korrelation mit dem Schweregrad der Mucositis unter­
sucht. Ergebnisse: Die Bearman­ und WHO­Skalen zeigten 
eine exzellente Korrelation. Der Grad der Mukositis war 
nach rein Chemotherapie­basierter Konditionierung signifi­
kant höher als bei Einsatz von TBI2Gy/±Fludarabin (p < 0,002), 
wie auch bei Patienten mit einem Anstieg des Kreatinin­ 
Levels über den oberen Normwert am Tag +1 nach SCT 
(p < 0,05). Darüber hinaus korrelierte die Schwere der 
Mucositis mit der Zeitdauer bis zum Engraftment der Leuko­
zyten (Korrelationskoeffizient (cc) = 0,26, p < 0,02) und der 
Thrombozyten (cc = 0,38, p < 0,001). Schlussfolgerungen: 
Die Art der Konditionierung und ein erhöhter Serumkreati­
nin­Level am Tag +1 nach der Transplantation wurden als 
die Parameter identifiziert, die mit einem schwereren Ver­
lauf der Mucositis korrelieren.
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Summary
Background: Therapy­related mucositis is associated with 
considerable morbidity. This complication following allo­
geneic stem cell therapy (allo­SCT) is less severe after 
reduced intense conditioning (RIC); however, even here 
it may be serious. Methods: 52 patients (male: n = 35 
(67%), female: n = 17 (33%)) at a median age of 62 years 
(35–73 years) underwent allo­SCT after RIC. Conditioning 
was either total body irradiation (TBI)2Gy/±fludarabine (n = 33, 
63.5%) or chemotherapy based. Graft­versus­host disease 
(GvHD) prophylaxis was carried out with cyclosporine A ± 
mycophenolate mofetil (MMF). 45 patients (87%) received 
short­course methotrexate (MTX). Mucositis was graded ac­
cording to the Bearman and the World Health Organisation 
(WHO) scale. A variety of parameters were correlated with 
mucositis. Results: The Bearman and WHO scales showed 
excellent correlation. Mucositis was significantly more se­
vere after chemotherapy­based conditioning compared to 
conditioning with TBI2Gy/±fludarabine (p < 0.002) as well as 
in cases with an increase in creatinine levels above the 
upper normal value (UNV) on day +1 after SCT (p < 0.05). 
Furthermore, the severity correlated with time to engraft­
ment of leucocytes (correlation coefficient (cc) = 0.26, 
p < 0.02) and thrombocytes (cc = 0.38, p < 0.001). Conclu-
sions: The conditioning regimen and increased creatinine 
levels at day +1 were identified as factors predicting the se­
verity of mucositis after RIC­SCT. Creatinine levels on day 
+1 after SCT may help identify patients at risk for severe 






been validated in clinical trials.Anotherway to reduce the
toxicity ofMTX is the concomitant administration of folic
acid,especiallyinhigh-doseprotocols[13].Robienetal.[14]
have shown recently that this approach has no positive or














Patients, Diagnoses and Transplantations
Between December 2005 and October 2008 52 patients underwent
allogeneic SCT afterRIC at our institution. 35 patients (67.3%)were
maleand17patients(36.7%)werefemale.Themedianpatientagewas
61.6years,rangingfrom34.9to72.6years.Theunderlyingdiagnosesare





was available for stem cell donation. The vast majority of patients
(92.3%)wastransplantedfromanunrelateddonor.Atmost1 fullmis-
matchwaspresent in9cases (17.3%).71.2%(n=37)of therecipients
and59.6%(n=31)ofthedonorshadserologicallydocumentedpreceding
Introduction
Oralmucositis contributes significantly to themorbidity of
patients undergoing allogeneic stem cell transplantation
(SCT)[1].Thedegreeofmucositismayvaryfrommildenan-
thema toulcerativedisease requiringcontinuous infusionof
narcoticsandtotalparenteralnutrition.Inpatientsundergo-
ingSCTaftermyeloablative conditioning therapy, cases re-
quiring intubation due to swollen mucosa or even lethal




Approaches to reduce the intensity of mucositis include
measures such as a stringentmouth care and oral hygiene.
The prophylactic administration of human recombinant ke-
ratinocyte growth factor (palifermin) can be considered in
cases of myeloablative total body irradiation (TBI)-based
conditioning[3].Other investigatorshavedescribedpositive
effects of crushed ice in the mouth for approximately 6 h





and tomake allogeneic SCT also available for heavily pre-
treatedorelderlypatients[5].SCTafterRICismoresuccess-
fulforthetreatmentoflessaggressivediseasesuchasmyelo-
dysplastic syndromes, indolent lymphomasormultiplemye-
lomathanforaggressiveentitieslikeacuteleukaemiassince
thegraft-versus-leukaemia effect requires severalweeksbe-
forebecomingactive[5,6].However,RICincludesavariety




tion with fludarabine, and the mildest variant consists of




















Non-Hodgkin’slymphoma(indolent)  8 15.4
Multiplemyeloma  7 13.5
Chroniclymphaticleukaemia  6 11.5
Non-Hodgkin’slymphoma(aggressive)  6 11.5
Myelodysplasticsyndrome  3  5.8
Acutelymphaticleukaemia  1  1.9
Hodgkin’slymphoma  1  1.9





Melphalan-fludarabine  5  9.6
Busulphan-fludarabine  1  1.9










Data Collection and Analysis
Data were collected with the database software Access (Microsoft,
Munich, Germany) and analysed using the computer software Excel
(Microsoft)andGraphPadPrismforWindows(GraphPadSoftware,San
Diego,CA,USA).Theindependentt-testortheMann-WhitneyU-test
wasused for the comparisonof 2 groups, anddatasetswithmore than
2subgroupswerecomparedbyvariateanalysis.Correlationswereidenti-
fied by Spearman’s rank correlation (SRC) test.Other tests are listed
whereappropriate.
Results











of mucositis showed an excellent correlation (correlation
coefficient (cc): 0.95, p < 10–20, SRC); details are shown in
table4.
Cumulative Toxicity, Age and Severity of Mucositis
Theinfluenceoftheintensityofprioranti-neoplastictherapy






conditioning regimens.Nearly2/3of thepatients (n=33, 63.5%)were
conditioned with TBI (2 Gy) and fludarabine (30–150 mg/m2) [15].
12 patients received treosulfan (36 g/m2) and fludarabine (150mg/m2).
5 patients suffering from multiple myeloma were conditioned with
melphalan(100–140mg/m2)andfludarabine(150mg/m2)[7,16].Busul-






(86.5%). Cyclosporine A in conjunction with mycophenolate mofetil














further analyses. It hasbeenknown that the toxicityof anti-neoplastic
therapy influences the degree ofmucositis and that different regimens
havedifferenttropismoftoxicity.
Thehypothesisof the current investigationwas that the severityof
mucositis canbe influencedby the following factorsand that thereare
candidate factors that can predict a more intense manifestation of
mucositis.



































osulfan-based chemoconditioning, the degree of mucositis
was1.5(median,range0–3)vs.2(median,range0–2)accord-
ingtotheBearmanscaleand3(median,range0–4)vs.3(me-
dian, range 0–4) according to theWHO scheme (p = 0.93,
Mann-WhitneyU-test).
GvHD Prophylaxis with MTX
Short-courseMTXwaspartof theGvHDprophylaxis in45
patients (86.5%).At0 (range0–4,WHO-scale), themedian
severityofmucositiswasidentical inpatientswithandwith-
out short-course MTX. However, there was a trend to a
investigated. 12 (23.1%)patientshadahistoryofpreceding
high-dosetherapyfollowedbySCT.Themedianintensityof
mucositis according to the WHO scale was identical to 0
(range0–4)inpatientswithandwithoutpriorhigh-dosether-
apy+SCT.
Themajority of patientswere heavily pre-treatedwith a
medianof 5.5 cycles (range0–27)of conventional anti-neo-
plastic chemotherapy.The severity ofmucositis did neither
correlatewiththenumberofprecedingchemotherapycycles
norwiththeintervalfromthelasttherapycycletotransplan-




mal-intensity regimen consisting of TBI2Gy and fludarabine,
and19patientsreceivedachemotherapy-basedRIC(36.5%).
The incidenceofmucositiswas27.3%(9/33) in theminimal
conditioninggroupand73.7%(14/19) in thechemotherapy-
Table 4.GradingofmucositisaccordingtotheBearmanscale(vertical)andtotheWHOscale(horizontal).Eachfieldcontainsthenumberofpatients
WHOÆ 0° I° II° III° IV°
BearmanÈ
0° 29 1 1 – –
I° – 4 3 – –
II° – – 1 3 7
III° – – – – 3



































no correlation between the administration of voriconazole
andthemaximaldegreeofmucositis.
Significantcorrelationswerefoundforthetimetoengraft-
ment of leucocytes (> 1.0 leucocytes/nl) (cc: 0.26, p < 0.04,














ance ofMTX inGvHDprophylaxis.This investigationwas
performedtoidentifypatientsathigherriskfortoxicmucosi-
tisnotlaterthanday+1afterallogeneicSCT.
Mucositis Bearman II° is common after myeloablative
conditioning,andhigherdegreesmayoccur[22].Incontrast,
only14/52(27%)ofthepatientspresentedhereexperienced
a≥ II°mucositis.However, our investigation clearly shows
thatmucositis is a relevantproblemafterRIC, sincenearly




tiswas significantlyhigher after chemotherapy-based condi-
tioning compared to minimal conditioning; however, even
higher degree ofmucositis afterMTX administration com-
pared to patients who received noMTX (p = 0.16,Mann-
WhitneyU-test).
Parameters of Renal Function
At day +1 17 of 52 patients (32.7%) had a creatinine level
abovetheuppernormalvalue(UNV).Thesepatientsexperi-
encedasignificantlyhigherdegreeofmucositiscomparedto
patients with normal creatinine level: 0 (median, range
0–3[Bearman]/4[WHO])vs.1(median,range0–3[Bearman]/4[WHO])(table
5, fig. 2). A significant correlation was found between a
decreased creatinine clearance at day +1 and the maximal
degreeofmucositis graded according to theBearman scale
(cc: –0.27, p< 0.03, SRC).Thedegreeofmucositis did not
correlatewithweight gainoran increase in creatinine from
thedaypriortoconditioninguntilday+1,orwithapplication
ofdiureticsatday+1.
Parameters of Liver Function
Bilirubin, transaminase and albumin levels on day +1were
chosenasparametersof the liver functionand liver toxicity
due to conditioning therapy. Bilirubin was elevated in
27cases(51.9%),glutamate-pyruvatetransaminase(GPT)in
24 cases (46.2%) and glutamate-oxalacetate transaminase
(GOT) in14 cases (26.9%).Serumalbumin levelswerede-
creased in 44 cases (84.6%).Fornoneof theseparameters,




Voriconazole interacts with themetabolism of a variety of
otherdrugs,e.g.cyclosporineA.36patients(69.2%)received













eradication of microbial invasion of the damaged mucosal
areas.
In conclusion, in this study, 2parameters correlatedwith
theseverityofmucositisafterallogeneicSCTusingRIC:the
choice of the conditioning therapy and an elevated serum
creatininelevelatday+1.
Afterminimal conditioningwith TBI2Gy/fludarabin, a se-





higher incidenceor severity of acuteGvHDwith enhanced
morbidityandmortality.
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organ toxicityof anti-neoplastic therapyhasbeendescribed
forelderlypatientsandforpatientsafterintensivepre-treat-
ment [20,21]. Inaddition,cumulative toxicityaftermultiple
cyclesof conventional chemotherapy can lead toan impair-
mentofcardiac functionor to insufficiencyofhaemopoiesis
[23].Surprisingly,thisexperiencecannotbeeasilytransferred









Short-course MTX for GvHD prophylaxis worsens the
mucositisafterallogeneictransplantation[11].However,after
RICtransplantation,MTXisvariablyusedindifferentproto-
cols and a replacement byMMF is either an alternative or
fixedinsomeprotocols.Toinvestigatethepossibilitytoinflu-





parameters of kidney or liver function and the degree of
mucositis.
The use of voriconazole for anti-fungal prophylaxis has
become common practice in allogeneic SCT [24]. Intensive
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BensingerW:Aprospective,randomizedstudyof
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